
The successful management of space science observations requires
a combination of expertise in both science and information 
technology. The Virtual Magnetospheric Observatory (VMO) creates
robust links to the world’s relevant data bases thus providing one-
stop shopping for the magnetospheric researcher seeking data.  The 
VMO is being implemented by using existing and widely adopted 
technologies and strives to provide well organized views of diverse 
science holdings. Since data are very dynamic especially during the 
early phases of a mission, the VMO portal design allows frequent
and asynchronous updating. The VMO portal provides access to 
value-added services (e.g. to reformat, manipulate, analyze and 
display data) developed both locally and remotely. The registries for 
both data and services are designed to make it easy for suppliers to 
make their resources available and update information regarding 
their resources. The basis for resource descriptions is the SPASE 
data model. We have created tools to enable data repositories to
communicate with the VMO even if they use other data models.  
Finally we work with data suppliers to create archival quality data 
products. 

With our colleagues at VMO-G :

• Provide a single request point (portal) for all data 

repositories needed for magnetospheric research.

• Provide tools for preparing data archives.

• Provide services or access to existing services to 
reformat, manipulate, analyze and display data.

• Identify and register magnetospheric resources.

• Expand data model to support data processing (services) 
and data quality.
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Abstract The Self-Organizing Data System

o The Data System is a collection of repositories.
• Archives are organized according to a data model.
• Repositories typically are distributed.

o The first step in developing the self-organized data 
system is adopting a common data model and 
dictionary.

• Metadata are the glue that binds distributed systems.
• Metadata adheres to an organization defined in a data         
model.

• The SPASE (Space Physics Archive Search and Extract)   
consortium is developing a candidate data model and       
dictionary for space physics.

• The data model is being defined by scientists. 

o Repositories document their resources according to the 
data model by using the shared data dictionary.
• Resources include data, documentation, software, services, 
etc.

• Each resource has a metadata envelope that allows it to be 
part of a bigger system.

• Repositories grow resource by resource at their own    
rate.

o The Data System self-organizes based on the metadata.
• Repositories are concerned only about resources under 

their purview.
• The Data System is concerned about how these resources 

are semantically related.

o All metadata are stored in registries.
• Typically registries are co-located with the repository, but 

they can reside at a remote site.

o The Data System queries all registries to generate a 
response.
• A query to the system will always return the most complete 
answer, even with dynamic repositories.

The Problem
SOHO 

http://sohowww.nascom.nasa.gov/catalog/ 

http://sohodata.nascom.nasa.gov/cgi-bin/gui 

CDS  http://sohodata.nascom.nasa.gov/cgi-bin/gui 

CELIAS http://www.cx.unibe.ch/phim/soho/data.html 

 http://sohodata.nascom.nasa.gov/cgi-bin/gui 

  http://umtof.umd.edu/pm 

 http://umtof.umd.edu/pm/figs.html 

COSTEP http://sohodata.nascom.nasa.gov/cgi-bin/gui 

EIT  http://umbra.nascom.nasa.gov/eit/eit-catalog.html 

  http://sohodata.nascom.nasa.gov/cgi-bin/gui 

ERNE http://www.srl.utu.fi/projects/erne/index_english.html 
  http://sohodata.nascom.nasa.gov/cgi-bin/gui 

GOLF  http://www.medoc-ias.u-psud.fr/golf/access.html 

  http://sohodata.nascom.nasa.gov/cgi-bin/gui 

LASCO  http://lasco-www.nrl.navy.mil/retrieve/products.html 

 http://lasco-www.nrl.navy.mil/cgi-bin/lwdb/lasco/img_cdrom/form 

  http://sohodata.nascom.nasa.gov/cgi-bin/gui 

 http://cdaw.gsfc.nasa.gov/CME_list/index.html 

MDI/SOI  http://soi.stanford.edu/data/ 

 http://sohodata.nascom.nasa.gov/cgi-bin/gui 

SUMER  http://www.linmpi.mpg.de/english/projekte/sumer/FILE/SumerEntryPage.html 

 http://www.linmpi.mpg.de/english/projekte/sumer/text/sff_cat1.html 

  http://www.linmpi.mpg.de/english/projekte/sumer/text/picture_lnk.html 

 http://sohodata.nascom.nasa.gov/cgi-bin/gui 

SWAN  http://sohodata.nascom.nasa.gov/cgi-bin/gui 

UVCS  http://sohodata.nascom.nasa.gov/cgi-bin/gui 

VIRGO http://sohodata.nascom.nasa.gov/cgi-bin/gui 

-------------------------------------------------------------------------------- 

TRACE 

http://vestige.lmsal.com/TRACE/ 

-------------------------------------------------------------------------------- 

RHESSI 

Flight  http://rhessidatacenter.ssl.berkeley.edu/ 
Simulated http://www.hedc.ethz.ch/ 

-------------------------------------------------------------------------------- 

ACE 

CRIS  http://www.srl.caltech.edu/ACE/ASC/level2/lvl2DATA_CRIS.html 

SIS  http://www.srl.caltech.edu/ACE/ASC/level2/lvl2DATA_SIS.html 

ULEIS http://www.srl.caltech.edu/ACE/ASC/level2/lvl2DATA_ULEIS.html 

SEPICA http://www.srl.caltech.edu/ACE/ASC/level2/lvl2DATA_SEPICA.html 

SWIMS http://www.srl.caltech.edu/ACE/ASC/level2/lvl2DATA_SWICS_SWIMS.html 

SWICS http://www.srl.caltech.edu/ACE/ASC/level2/lvl2DATA_SWICS_SWIMS.html 

EPAM http://www.srl.caltech.edu/ACE/ASC/level2/lvl2DATA_EPAM.html 

SWEPAM http://www.srl.caltech.edu/ACE/ASC/level2/lvl2DATA_SWEPAM.html 

MAG  http://www.srl.caltech.edu/ACE/ASC/level2/lvl2DATA_MAG.html 

-------------------------------------------------------------------------------- 

WIND 

3-D PLS http://sprg.ssl.berkeley.edu/wind3dp/data/wi/3dp/ 

 ftp://enlil.ssl.berkeley.edu/pub/dat/wi/3dp/ 

EPACT http://lheawww.gsfc.nasa.gov/docs/gamcosray/lecr/EPACT/epact.html 

MFI  http://lepmfi.gsfc.nasa.gov/mfi/plots.html 
SMS  http://space.umd.edu/wind/sms.html 

SWE  http://web.mit.edu/afs/athena/org/s/space/www/wind.html 

TGRS http://lheawww.gsfc.nasa.gov/docs/gamcosray/legr/tgrs/tgrs_home.html 

WAVES http://lep694.gsfc.nasa.gov/waves/waves.html 

-------------------------------------------------------------------------------- 

ULYSSES 

http://ulysses.jpl.nasa.gov/science/data.html 

MAG (VHM/FGM) 

 http://cdaweb.gsfc.nasa.gov/cdaweb/sp_phys/ 

 ftp://nssdcftp.gsfc.nasa.gov/spacecraft_data/ulysses/mag/ 

 http://www.sp.ph.ic.ac.uk/Ulysses/Data/index.html 

 http://helio.estec.esa.nl/ulysses/ftp/data/vhm_fgm/ 

 http://helio.estec.esa.nl/ulysses/cgi-bin/plots.pl?instrument=VHM_FGM 

SWOOPS 

 http://cdaweb.gsfc.nasa.gov/cdaweb/sp_phys/ 

 ftp://nssdcftp.gsfc.nasa.gov/spacecraft_data/ulysses/plasma/swoops/ 

 http://helio.estec.esa.nl/ulysses/ftp/data/swoops/electrons/ 

 http://helio.estec.esa.nl/ulysses/cgi-bin/plots.pl?instrument=SWOOPS-ELECTRONS 

 http://helio.estec.esa.nl/ulysses/ftp/data/swoops/ions/ 

 http://helio.estec.esa.nl/ulysses/cgi-bin/plots.pl?instrument=SWOOPS-IONS 

SWICS 

 http://cdaweb.gsfc.nasa.gov/cdaweb/sp_phys/ 
 ftp://nssdcftp.gsfc.nasa.gov/spacecraft_data/ulysses/plasma/swics/ 

 http://helio2.estec.esa.int/saweb/index.htm 

 http://helio.estec.esa.nl/Ulysses/ftp/data/swics/ 

 http://helio.estec.esa.nl/Ulysses/cgi-bin/plots.pl?instrument=SWICS 

URAP 

 http://cdaweb.gsfc.nasa.gov/cdaweb/sp_phys/ 

 ftp://nssdcftp.gsfc.nasa.gov/spacecraft_data/ulysses/radio/urap/ 

 http://helio.estec.esa.nl/ulysses/archive/urap.html 

 http://helio.estec.esa.nl/ulysses/cgi-bin/plots.pl?instrument=URAP-SUMMARY 

EPAC 

 http://cdaweb.gsfc.nasa.gov/cdaweb/sp_phys/ 

 ftp://nssdcftp.gsfc.nasa.gov/spacecraft_data/ulysses/particle/epac/ 

 http://helio.estec.esa.nl/ulysses/ftp/data/epac/ 

 http://helio.estec.esa.nl/ulysses/cgi-bin/plots.pl?instrument=EPAC 

GAS 

 ftp://nssdcftp.gsfc.nasa.gov/spacecraft_data/ulysses/gas/ 

 http://helio.estec.esa.nl/ulysses/archive/gas.html 
HISCALE 

 http://cdaweb.gsfc.nasa.gov/cdaweb/sp_phys/ 

 ftp://nssdcftp.gsfc.nasa.gov/spacecraft_data/ulysses/particle/hiscale/ 

 http://sd-www.jhuapl.edu/Ulysses/data.html 

 http://helio.estec.esa.nl/ulysses/archive/hiscale.html 

COSPIN 

 http://cdaweb.gsfc.nasa.gov/cdaweb/sp_phys/ 

 ftp://nssdcftp.gsfc.nasa.gov/spacecraft_data/ulysses/particle/cospin/ 

 http://helio.estec.esa.nl/ulysses/archive/cospin.html 

GRB 

 http://cdaweb.gsfc.nasa.gov/cdaweb/sp_phys/ 

 ftp://nssdcftp.gsfc.nasa.gov/spacecraft_data/ulysses/gamma/ 

 http://helio.estec.esa.nl/ulysses/archive/grb.html 

DUST 

 ftp://nssdcftp.gsfc.nasa.gov/spacecraft_data/ulysses/dust/ 

 http://helio.estec.esa.nl/ulysses/archive/dust.html 

SCE 

 ftp://nssdcftp.gsfc.nasa.gov/spacecraft_data/ulysses/radio/sce/ 

 http://helio.estec.esa.nl/ulysses/archive/sce.html 

GWE 

 http://helio.estec.esa.nl/ulysses/archive/gwe.html 

-------------------------------------------------------------------------------- 
VOYAGER 

http://voyager.jpl.nasa.gov/science/Voyager_Science_Data.html 

ftp://nssdcftp.gsfc.nasa.gov/spacecraft_data/voyager/ 

http://spdf.gsfc.nasa.gov/cgi-bin/SPD/SPDMissionMatrix.pl?mission=Voyager 

http://nssdc.gsfc.nasa.gov/cohoweb/form/cw_ds1.html 

MAG  http://lepvgr.gsfc.nasa.gov/www/voyager/data.html 

PLS  http://web.mit.edu/space/www/voyager/voyager.html  

 http://web.mit.edu/afs/athena/org/s/space/www/voyager/voyager_traj/voyager_traj.html 

CRS  http://voycrs.gsfc.nasa.gov/heliopause/heliopause.html 

LECP http://hurlbut.jhuapl.edu/VOYAGER/index.html 

 http://voyager.ftecs.com/default.htm 

  http://space.umd.edu/Voyager/ 

PWS  http://www-pw.physics.uiowa.edu/plasma-wave/voyager/home.html 

-------------------------------------------------------------------------------- 

GEOTAIL 

http://www.darts.isas.ac.jp/spdb/  

LECP http://www.stp.isas.ac.jp/geotail/QL/index.html 

MGF  http://www.stp.isas.ac.jp/geotail/QL/index.html 
CPI  http://www-pi.physics.uiowa.edu/www/cpi/ 

EPIC  http://sd-www.jhuapl.edu/Geotail/ 

PWI  http://www.kurasc.kyoto-u.ac.jp/gtlpwi/  

-------------------------------------------------------------------------------- 

CLUSTER 

http://cdaweb.gsfc.nasa.gov/ 

CIS  http://cis.cesr.fr:8000/CIS_sw_home-en.htm 

EDI  http://edi.sr.unh.edu/ 

EFW  http://www.cluster.irfu.se/efw/data/spinfit/index.html 

FGM  http://www.sp.ph.ic.ac.uk/Cluster/ 

PEACE http://cluster2.space.swri.edu/ 

RAPID http://leadbelly.lanl.gov/ccr/level2-data/cgi-bin/get_ccr_digital.cgi 

  ftp://nis-ftp.lanl.gov   user: papco 

WBD  http://www-pw.physics.uiowa.edu/plasma-wave/istp/cluster/ 

  http://www-pw.physics.uiowa.edu/plasma-wave/istp/cluster/cd/ 

WHISPER http://cluster2.space.swri.edu/ 

-------------------------------------------------------------------------------- 

POLAR 

http://pwg.gsfc.nasa.gov/data_products.shtml#instruments 

http://cdaweb.gsfc.nasa.gov/ 

MFE  http://www-ssc.igpp.ucla.edu/forms/polar/ 

  http://www-ssc.igpp.ucla.edu/SPDS/polar_orbit/index.html 
 http://www-ssc.igpp.ucla.edu/forms/polar/corr_data.html 

EFI  ftp://leproc.gsfc.nasa.gov/pub/polar/efi_kp/ 

  ftp://leproc.gsfc.nasa.gov/pub/polar/efi_kp/sc_potential/ 

 http://lepefi.gsfc.nasa.gov/~polarefi/Online_Data/onlinedata.html 

PWI  http://www-pw.physics.uiowa.edu/das/po-pwi-list 

  http://www-pw.physics.uiowa.edu/~jhd/PapCo/ 

 http://www-pw.physics.uiowa.edu/plasma-wave/istp/polar/das/dasInterface.html 

  http://www-pw.physics.uiowa.edu/plasma-wave/istp/polar/sfr/ 

 http://www-pw.physics.uiowa.edu/plasma-wave/istp/polar/mca/ 

  http://www-pw.physics.uiowa.edu/plasma-wave/istp/polar/wb/ 

 http://www-pw.physics.uiowa.edu/plasma-wave/istp/polar/restricted/wb/ 

  http://www-pw.physics.uiowa.edu/plasma-wave/istp/polar/lfwr/ 

 http://www-pw.physics.uiowa.edu/plasma-wave/istp/polar/hfwr/ 

CAMMICE  http://leadbelly.lanl.gov/ccr/level2-data/cgi-bin/get_ccr_digital.cgi 

 http://leadbelly.lanl.gov/ccr/CCR_software.html 

 http://leadbelly.lanl.gov/ccr/CCR_summary_plots.html 

CEPPAD http://leadbelly.lanl.gov/ccr/CCR_summary_plots.html 
HYDRA http://www-st.physics.uiowa.edu/www/html/pub_spectra.html 

TIMAS ftp://willow.colorado.edu/pub/timas/PAPCO/High_resolution_data.html 

 ftp://willow.colorado.edu/pub/timas/PAPCO/timas.html 

  ftp://sierra.spasci.com/DATA/timas/summary/index.html 

TIDE  http://satyr.msfc.nasa.gov/TIDE/papco.shtml 

http://satyr.msfc.nasa.gov/TIDE/software/ 

 http://goewin.gsfc.nasa.gov/cgi-bin/TIDE/summary_plots-dir/summary_gif_walk_2.pl 

http://tide.gsfc.nasa.gov/custom_plots.shtml 

 http://satyr.msfc.nasa.gov/TIDE/plot_orbit_gsml.shtml 

UVI  http://science.nasa.gov/uvi/LatestImage.htm 

 http://uvisun.msfc.nasa.gov/UVI/brwseimages.html 

  http://uvisun.msfc.nasa.gov/UVI/nrtimages.html 

PIXIE http://pixie.spasci.com/ 

 http://muir.spasci.com/pixie/homepage/img_dir/graphical_archive.html 

  http://pixie.spasci.com/pixie/homepage/img_dir/daily/data/ 

 http://muir.spasci.com/pixie/homepage/img_dir/internal/image_of_the_day.html 

  http://muir.spasci.com/pixie/homepage/movies/current_movie.html 

 http://muir.spasci.com/pixie/homepage/movies/graphical_archive.html 

  http://muir.spasci.com/cgi-bin/pix_movie_mkr.html 

 http://pixie.spasci.com/DynMod/ 

VIS  http://eiger.physics.uiowa.edu/~vis/software/ 

  http://eiger.physics.uiowa.edu/~vis/images/ 
 http://eiger.physics.uiowa.edu/~vis/images/anims/ 

 http://eiger.physics.uiowa.edu/~vis/images/previous_images.html 

  http://eiger.physics.uiowa.edu/survey/ 

-------------------------------------------------------------------------------- 

FAST 

http://sprg.ssl.berkeley.edu/fast/scienceprod/welcome.html 

ESA  http://sprg.ssl.berkeley.edu/htbin/fastcgi/sumplotsNetscape/recentplot.pl 

EFD  http://sprg.ssl.berkeley.edu/htbin/fastcgi/sumplotsNetscape/recentplot.pl 

TEAMS http://sprg.ssl.berkeley.edu/htbin/fastcgi/sumplotsNetscape/recentplot.pl 

MAG http://sprg.ssl.berkeley.edu/htbin/fastcgi/sumplotsNetscape/recentplot.pl 

-------------------------------------------------------------------------------- 

SAMPEX 

http://surya.umd.edu/www/sampex.html 

HILT http://surya.umd.edu/www/sampex.html 

LICA N/A 

MAST N/A 

PET  N/A 

DPU  N/A 
-------------------------------------------------------------------------------- 

IMAGE 

http://150.144.211.77/image/image_main.html 

LENA http://lena.gsfc.nasa.gov/ 

  http://150.144.211.77/image/image_main.html 

MENA http://pollux.space.swri.edu/mena/ 

  http://150.144.211.77/image/image_main.html 

HENA http://sd-www.jhuapl.edu/IMAGE/ 

  http://150.144.211.77/image/image_main.html 

RPI  http://ulcar.uml.edu/framesRPI.htm 

  http://150.144.211.77/image/image_main.html 

EUV  http://euv.lpl.arizona.edu/euv/ 

  http://150.144.211.77/image/image_main.html 

FUV  http://sprg.ssl.berkeley.edu/image/ 

  http://150.144.211.77/image/image_main.html 

CIDP http://150.144.211.77/image/image_main.html 

SC  http://150.144.211.77/image/image_main.html 

OA  http://150.144.211.77/image/image_main.html 

-------------------------------------------------------------------------------- 

TIMED 

http://www.timed.jhuapl.edu/scripts/mdc_home.pl 

GUVI http://guvi.jhuapl.edu/data/dataproducts.shtml 
SABER http://saber.larc.nasa.gov/ 

SEE http://lasp.colorado.edu/see/ 

TIDI

 http://tidi.engin.umich.edu/html/go?access_data/main_data_access.html&menu_data.htm
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Components of VMO

Resource

Repository

Registry

Access point

Model and 

Methods

o Resource: An object 
(document, data, etc.) or 
service available for use.

o Repository: A facility for 
storing and maintaining 
digital information in 
accessible form.

o Registry: A collection point 
for metadata about 
resources.

o Access Point: An interface 
to the registries and 
resources.

Resource

Repository

Registry

Access point

Model and 

Methods

The Fundamental Building Blocks

o Data Model: Describes 
in an abstract way how 
data is represented. This 
includes semantics 
(meaning of terms) and 
ontology (relationships  
between terms).

o Access Methods: 
Mechanisms to search 
for, use, and distribute 
resources.

VxOResident

Archive
Individual

Researcher

o The building blocks can be combined in many 
ways to accommodate provider flexibility.

Steps in Building the VMO

1.Define the data model: (SPASE)

• Select or write the data dictionary.

• Create the ontology of terms (relationships among terms).

2. Choose a standard representation for expressing the 
relationships (XML).

3. Describe resources

• Use tools to help large scale tasks (editor and rule 

sets).

4. Populate the registry

• Obtain data descriptions for each repository.

5. Deploy services to search and extract data.

• Interfaces to the registry for searching.

• Interfaces to the repository for extraction.

6. Value added services.

• Joining and sub-setting.

• Transformation (reformatting, coordinate transformations, 
etc.).

• Display.

Our Approach

Tools to Describe Resources

o SPASE editor aids repository staff in creating SPASE 
compliant XML.

o Rule set processing automates metadata generation

• Rule set processing uses a platform independent  
language to collect and format metadata.

• A rule set is a collection of rules – a rule is a statement of 
a needed action (e.g. assign a value to a variable, 
include another rule set, run an external application, write 
output, etc.)

• The rule set language allows “plug-in” routines that 
extract information from the data, process it and write the 
results out.

• Rule sets can be written by data providers or by VMO 
scientists. 

• The providers can then use rule sets to prepare their 
resource descriptions with minimal effort. 

ProcessorProcessor

plug-inplug-in

Replace 
Variables

DescriptionDescription

Variables

TemplateTemplate

plug-inplug-in

Interpreter

RulesetRuleset

plug-inplug-in

/* Example ruleset to populate an Instrument des
<option force_upper no>    /* Allow lowercase file
<output example.xml>       /* The output file name
<template granule.xml>  /* The template to use *
/* Variable definitions */
$ParentID="spase://vmo/AMPTE_MAG"
$ResourceID="spase://vmo/$ParentID:$FILE_BASE"
/* Extract StartDate and $StopDate from data files
<run /bin/sh getdate.sh $PATH_NAME>
<message "Variables defined">
<dump all>    /* show the current

<?xml version="1.0"?>
<Spase xmlns="http://www.spase-group.org/data/schema/spase-
1_1_0.xsd">
<Granule>

<ResourceID>$ResourceID</ResourceID>
<ReleaseDate>$ReleaseDate</ReleaseDate>
<ParentID>$ParentID</ParentID>
<URL>http://vmo.igpp.ucla.edu/get?resource=$ResourceID</URL>
<StartDate>$StartDate</StartDate>
<StopDate>$StopDate</StopDate>

</Granule>

<?xml version="1.0"?>
<Spase xmlns="http://www.spase-group.org/data/schema/spase-1_1_0.xsd">
<Granule>

<ResourceID>spase://vmo/AMPTE_MAG_851006</ResourceID>
<ReleaseDate>1985-10-07</ReleaseDate>
<ParentID>spase://vmo/AMPTE_MAG</ParentID>
<URL>http://vmo.igpp.ucla.edu/get?resource=$ResourceID</URL>
<StartDate>1985-10-06T00:00:00.000</StartDate>
<StopDate>1985-10-06T24:00:00.000</StopDate>

</Granule>

�

�

�

BASE_NAME=851006
ParentID=spase://vmo/AMPTE_MAG
ResourceID=spase://vmo/AMPTE_MAG_851006
ReleaseDate=1985-10-07
StartDate=1985-10-06T00:00:00.000
StopDate=1985-10-06T24:00:00.000

�

�

�

Rule Set Processing


